Introduction
Head and neck cancer (HNC), which encompasses malignant tumors of the larynx, pharynx, oral cavity, thyroid, and other related areas, is the 7th most common solid malignancy in the world, with approximately 686,000 new cases annually. 1 Although the exact pathogenetic mechanisms of HNC are still undefined, evidence indicates that HNC carcinogenesis is a complicated, multistep, and multifactorial process, involving genetic factors, tobacco smoking, alcohol consumption, viral infection, ultraviolet radiation, lifestyle, and environmental factors. [2] [3] [4] However, although many people are exposed to these extrinsic factors, only a small proportion develop HNC, 5 and a family history of HNC in first degree relatives elevates the risk. 6 This indicates the existence of genetic predisposition, and suggests that certain genetic factors, such as genes involved in inflammation, might be associated with the pathogenesis of HNC. Inflammation, which is associated with DNA damage, angiogenesis, proliferation, invasion, and metastasis, may play an important role in the oncogenesis and progression of HNC. 7, 8 Recent studies suggest an association between HNC and increased pro-inflammatory cytokines. Among these cytokines, interleukin (IL)-8 and IL-18 have attracted increasing attention. [9] [10] [11] As a member of the chemokine family, IL-8 is encoded by the C-X-C motif chemokine ligand 8 (CXCL8) gene, which is located on chromosome 4q-13-21 in humans. CXCL8 consists of a proximal promoter region, four exons, and three introns. 12 It is produced by a wide range of healthy cells (such as neutrophils, monocytes, endothelial cells, and fibroblasts), and several types of tumor cells. 13, 14 Present evidence suggests that IL-8 promotes angiogenesis, tumorigenesis, tissue invasion, and metastasis. [15] [16] [17] Although CXCL8 contains several polymorphic sites, only three common polymorphisms have been reported in the coding sequence: +251 A/T, +396 G/T, and +781 C/T. 18 Polymorphisms may play important roles in some cancers, including ovarian, breast, bladder, and others. [19] [20] [21] [22] An A/T single nucleotide polymorphism (SNP) is located at position -251 of CXCL8 in the transcription start site, which is associated with IL-8 expression. [23] [24] [25] [26] A large number of studies have investigated associations between the CXCL8 -251 A/T (rs4073) gene polymorphism and the risk of human cancers, with conflicting conclusions. [27] [28] [29] [30] [31] [32] IL-18 is also a pro-inflammatory cytokine. A member of the IL-1 super-family, it is known as an inducer of interferon-γ. 33 IL-18 is produced by a number of cell types, such as activated blood and tissue monocytes/macrophages, Kupffer cells, T and B cells, osteoblasts, dendritic cells (DCs), microglia, and epithelial cells. 34 IL-18 induces the activation of natural killer cells and the proliferation of activated T cells, affecting both innate and acquired immunity. 35 IL-18 is also associated with tumorigenesis, and has been reported to contribute to both anticancer and procancer processes. [36] [37] [38] [39] The human IL-18 gene is located on chromosome 11q22.1-q22. 3 . 40 Three SNPs in the IL-18 promoter regions have been identified that could alter IL-18 expression (-137, -607, and -656). 41 However, the most commonly investigated and the most biochemically functional polymorphism is the -137 G>C (rs187238) polymorphism. Numerous studies have reported a role for the -137 G>C polymorphism in the susceptibility to various cancers, whereas the results of these studies mainly display that there is no association between IL-18 -137 G>C and cancer risk, 42, 43 but, interestingly, in our present meta-analysis, we got a completely different result.
To our knowledge, no quantitative summary of the evidence regarding the association of CXCL8 and IL-18 polymorphisms with HNC risk has been reported, and existing studies regarding the association of CXCL8 or IL-18 with other types of cancers are contradictory. Therefore, we conducted a meta-analysis to quantitatively summarize the evidence and estimate relationships using subgroups analysis, meta regression, sensitivity analysis, and evaluation of publication bias.
Methods

Publication search and inclusion criteria
We searched the PubMed, Embase, Cochrane Library, and China National Knowledge Infrastructure databases for all potentially eligible articles up to November 31, 2017 on the association between CXCL8 and IL18 polymorphisms and HNC risk. The search terms used were "IL-8", "CXCL8", "IL-18", "polymorphism", "head and neck cancer", "nasopharyngeal cancer", "oral cancer", "laryngeal cancer", "esophageal cancer", "thyroid cancer", "tongue cancer", and "mouth neoplasm". We also screened the references of review articles and meta-analyses articles. Primary searches resulted in 176 abstracts (Figure 1 ). An additional six studies were added from meta-analyses and review articles, for a total of 182 studies. For inclusion, identified studies had to: (1) be case-controlled; (2) study the association between CXCL8 or IL-18 and HNC risk; (3) provide sufficient data to calculate a P-value and odds ratio (OR) with 95% confidence interval (CI); and (4) contain control subjects that conformed to the Hardy-Weinberg equilibrium (HWE).
Data extraction
Data were extracted independently by two investigators from studies that met the inclusion criteria. Discrepancies were resolved by discussion between the authors to reach an agreement. The following information was recorded for each study: first author, year of publication, region, cancer type, genotyping methods, source of controls, the number of cases and controls for each genotype, and HWE score in the control groups (Table 1) . 
Statistical analysis
2591
Association of -251 A/T and -137G/C polymorphisms with HNC risk HWE, a chi-square test was used to evaluate the control subjects, in which P<0.05 suggested a significant deviation from HWE. The OR corresponding to the 95% CI was used to evaluate the association between CXCL8 and IL-18 polymorphisms and HNC risk. The present study was performed using allelic, homozygote, heterozygote, dominant, and recessive models. Stratified analyses based on cancer types, ethnicity, genotyping methods, and the sources of controls and DNA samples were quantified with ORs and 95% CIs. If a cancer type was included in only one study, it was combined into the "other cancers" group. The statistical heterogeneity was evaluated using the Q-test and I 2 statistics. When heterogeneity existed (P<0.10, I 2 >50%), the random effect model was used: 44 otherwise, the Mantel-Haenszel method was applied to calculate ORs in a fixed-effect model. 45 Stratified and meta-regression analyses were used to explore sources of heterogeneity. Moreover, sensitivity analysis was performed to assess the stability of the results by sequentially removing each study and evaluating the stability of the results. Publication bias was analyzed by Begg's funnel plot and Egger's test. 46, 47 
Results
Study characteristics
After a comprehensive search, 182 relevant articles were initially retrieved. After screening the titles and abstracts, 160 articles were excluded, 13 papers were duplicated, 21 papers were reviews, 80 papers were not associated with SNPs in CXCL8 or IL-18, 27 papers were not about HNC, 16 papers lacked relative data, and three papers were not consistent with HWE ( Figure 1 ). Finally, 22 articles but 25 case-control studies (15 for CXCL8 and 10 for IL-18) covering 4731 cases and 8736 controls met our inclusion criteria (Figure 1 ). In terms of genotyping methods, for CXCL8, five articles used polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), two articles used TaqMan assays, and five articles used other methods; for IL18, four articles used PCR-RFLP, three articles used allele specific-PCR, and three articles used other methods. The genotype distributions of the studied SNPs in the control groups agreed with HWE (P>0.05). All Newcastle-Ottawa Scale (NOS) scores were greater than 5 stars, indicating good articles. The study characteristics are shown in Table 1 .
Quantitative synthesis
As shown in Tables 2 and 3 , when all eligible studies were pooled together, a significant association between the 137 G/C polymorphism and HNC was observed under all gene models: (C vs G: OR=1.31, 95% CI=1.09-1.57, P heterogeneity =0.002; CC vs GG: OR=1.69, 95% CI=1.20-2.38, P heterogeneity =0.175; GC vs GG: OR=1.27, 95% CI=1.01- 
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Evaluation of heterogeneity
There was heterogeneity among the studies in all overall comparisons and subgroup analyses for CXCL8 -251 A/T and some overall comparisons and subgroup analyses (C vs G, GC vs GG, GC/CC vs GG) for IL-18 -137 G/C. To explore the sources of heterogeneity, we performed meta-regression using publication year, cancer type, ethnicity, source of controls, sample size (≤500 and >500 subjects) and genotyping method as covariables. The results suggested that the publication year (AA vs AT/TT: P=0.020; AA vs TT: P=0.041), source of control (AA vs AT/TT: P=0.024), and cancer type (AA/ATvs TT: P=0.047; AT vsTT: P=0.036) may contribute to the heterogeneity for CXCL8 -251 A/T; however, for IL18 -137 G/C, no factors contributing to the heterogeneity were found. Moreover, for CXCL8 -251 A/T, our meta-regression analyses revealed that the publication year could explain 88.38% (AA vs AT/TT), 54.62% (AA vs TT) of the τ², the source of controls could explain 73.22% (AA vs AT/TT) of the τ², and the cancer type could explain almost 100% (AA/ AT vs TT; AT vs TT) of the τ².
Sensitivity analysis
To evaluate the sensitivity of the meta-analysis, we omitted one study at a time and checked for significant differences. There were no significant differences observed upon removal of any of the studies, indicating that the results are statistically reliable (Figure 3 ).
Publication bias
A Begg funnel plot was generated, and Egger's test was performed to evaluate the publication bias of the studies included in our analysis. 
Discussion
To our knowledge, this is the first meta-analysis to assess the association of the CXCL8 -251 A/T and IL-18 -137
Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com
Dovepress
2600
Wang et al Abbreviations: OR, odds ratio; CI, confidence interval.
Shumizu et al 48 (2008) Meta-analysis estimates, given named Study is omitted G/C polymorphisms with HNC risk. In our present study, a significantly elevated risk was observed for IL-18 -137 G/C, but no strong association between the CXCL8 -251 A/T polymorphism and HNC risk was found in the overall analysis.
Further subgroup analyses revealed that the association between IL-18 -137 G/C and HNC risk was more predominant among nasopharyngeal cancer groups, Asian populations, studies using PCR-RFLP for genotyping, and population-and hospital-based studies. To elaborate more specifically, C alleles carriers and CC genotypes were significantly associated with an increased risk in nasopharyngeal cancer groups, Asian populations, and samples analyzed by PCR-RFLP. Moreover, an association between C allele carriers and increased risk was found in the population-based group, whereas, in the hospital-based group, an increased risk for HNC was found with the CC genotype.
Conversely, stratified analysis of CXCL8 -251 A/T provided evidence that A allele carriers and AA genotypes were associated with a significantly increased risk in African populations. Moreover, AT genotypes were associated with a significantly increased risk in the nasopharyngeal cancer group compared with the TT genotype, whereas the AA genotype was associated with a significantly decreased risk in hospital-based studies.
To some extent, our results are distinctly different from those of previous studies. Several studies in recent years have investigated these polymorphisms, with conflicting results. For CXCL8 -251 A/T, our pooled results are in accordance with some previous studies, 24, 25 but contrast with studies reporting a positive association between the CXCL8 -251 A/T polymorphism and cancer risk. 19, 48 On the other hand, for IL-18 -137 G/C, our pooled results were completely opposite to those reported by Yang et al 43 and Mi et al. 
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Although the results of overall analysis are sometimes the same, similar or different trends may be found in subgroup analyses. For example, for CXCL8-251 A/T, stratification by ethnicity revealed a significant association for African populations with carriers of the A allele and homozygous AA genotypes, whereas, among non-African populations, there were no strong associations in any of the genetic models. Our results are in accordance with Gao et al, 28 who also observed significantly elevated risks in African populations. However, diverse results were observed in other previous studies, Wang et al 22 found that carriers of the -251 A allele among African and Asian populations were at a higher risk for cancer. Wang et al 27 found that there were significant risks among Asians for both A allele carriers and AA individuals; however, no significant associations were found in non-Asian populations. On the contrary, when the IL-18 -137 G/C, data was stratified by ethnicity, C alleles carriers and CC genotypes in Asian populations were significantly associated with an increased risk of HNC. This result is consistent with the reports of Yang et al 43 and Mi et al, 42 who found that C alleles and CC genotypes elevated the risk of cancers. These results indicate that CXCL8 -251 A/T and IL-18 -137 G/C polymorphisms may be crucial in HNC patients of specific ethnicities. The reasons for these discrepancies are not known. We hypothesize that they may be attributable to gene-environmental interactions. Variation in the allele frequency of particular polymorphisms might differ among ethnicities as a result of disparate environmental effects, and it can be inferred from the different allele distribution, in accordance with natural selection principles, that the rare allele carriers in the African populations for CXCL8 or Asian populations for IL-18 might be eliminated compared to in other ethnicities. This might explain why a significant association was observed in certain ethnicities, but not others. It should be noted that, for decades, nasopharyngeal cancer was more common in African and Asian populations compared with other ethnicities, consistent with the associations between nasopharyngeal cancer and the two polymorphisms studied here in these populations. 49 The differences could also be due to small sample size or potential reporting bias in our study. For example, the African CXCL8 -251 A/T cohort contained approximately 329 subjects, and there is only one study in the African group. 50 Therefore, it was underpowered to find causal positive or negative associations.
Cancer type was also used as a stratifying factor, and we found significantly elevated risk for nasopharyngeal cancer in the heterozygote model (AT vs TT) for CXCL8-251 A/T and in all genetic models for IL18 -137 G/C; however, we did not find any associations with any other cancer types in any genetic models. This is consistent with the results of Gao et al 28 and Wang et al. 22 These findings indicate that the A allele of CXCL8 -251 A/T and the C allele of IL-18 -137 G/C are risk factors for developing nasopharyngeal cancer. The mechanism for these findings is not well understood.
However, a number of studies have investigated the significant biochemical functions of CXCL8 or IL-18, and the effects of particular polymorphisms. The A/T and G/C SNPs studied here are, respectively, associated with the production of CXCL8, IL-8 transcriptional activity, and the expression of IL-8 and IL-18, [23] [24] [25] [26] 41 which are associated with cancer characteristics, such as increased proliferation, invasion, and migration. 16, 51, 52 Hence, the A allele, C allele, and CC genotype may contribute to tumorigenesis and metastasis.
Selection bias in control subject recruitment was a significant source of concern. When stratified by control source, we found significantly decreased risk among hospital-based studies for CXCL8 -251 A/T (AA vs AT+TT), whereas, for IL-18 -137 G>C, we observed significantly increased risk for C allele carriers (C vs G, GC+CC vs GG) among the population-based group and for the CC genotype (CC vs GG, CC vs GG+GC) among the hospital-based group. Considering that hospital-based controls lack the representativeness of population-based controls, and the amount of studies used was small, we must be cautious with our conclusions. When stratified by genotyping methods, we did not find any statistical association in any genetic models for CXCL8 -251 A/T; however, a strong association was found in all genetic models except the heterozygote model (GC vs GG) for IL-18 -137 G/C. This is the first report of this association in the literature.
One of the major concerns in a meta-analysis is heterogeneity among the included studies, because imprecise results may be obtained as a result of non-homogeneous data. In our study, the Q-test and I 2 statistics were used to test the significance of heterogeneity. Significant heterogeneity was found in all pooled and subgroup analyses for CXCL8 -251 A/T and some for IL-18 -137 G/C, and meta-regression was performed for the corresponding genetic models according to cancer type, ethnicity, source of controls, sample size, genotyping method, and publication year to explore its source. We found that publication year, source of controls, and cancer type were the main sources of heterogeneity for CXCL8 -251 A/T; however, these did not impact the overall summary effect. Meanwhile we did not find any factors contributing to heterogeneity in the three corresponding genetic models (C vs G, GC vs GG and GC +CC vs GG) for IL-18 -137 G/C. This is a common phenomenon in meta-regression analyses, and is permitted.
Importantly, sensitivity analyses indicated that the estimated summary effect was robust, and did not change when individual studies were excluded.
There were several limitations to this meta-analysis. First, in the stratified analyses, we could not perform subgroup analysis by age, smoking status, alcohol consumption, treatment, and other risk factors because of insufficient data in the included studies. A more precise analysis could be conducted if these data were comprehensive. Second, tumorigenesis depends on both genetic and environmental factors, but gene-gene and gene-environment interactions were not taken into account in our meta-analysis, again because of a lack of data. Third, heterogeneity is a potential problem which may preclude the acquisition of accurate results in a meta-analysis. Significant heterogeneity was observed in some genetic models, which may have resulted from the publication year, source of controls, and cancer type. Fourth, although most controls were selected from healthy populations, a few studies selected controls from inpatients with cancer-free histories or no family history of cancer and other diseases. In addition, we used Begg's funnel plot and Egger's test to assess the publication bias, and found a marginal significance in the recessive model for IL-18 -137 G/C by Egger's test, possibly because only published studies were included in the meta-analysis. Last, most of the subjects included were of Asian and European ancestry, with only one study for each of CXCL8 -251A/T and IL-18 -137 G/C regarding African ethnicity; therefore, potential selective bias could exist which might contribute to insufficient statistical power.
In conclusion, the present meta-analysis suggests that the IL-18 -137 G/C polymorphism contributes to the susceptibility of HNC, especially among nasopharyngeal cancer groups, Asian populations, studies using PCR-RFLP for genotyping, and population-and hospital-based studies in some genetic comparisons. The CXCL8 -251 A/T polymorphism acted as an important genetic factor for HNC development, especially among African populations and nasopharyngeal cancer groups, and, interestingly, a decreased risk was found in the hospital-based group. However, due to the limitations mentioned above, investigations, using unbiased methods, well-matched controls, and with larger sample size and examining the effect of gene-gene and gene-environment interactions, as well as more types of interleukins, should be conducted in the future.
